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Abstract 

Acacia species represent one of the most important alien invasive species in many forest 

ecosystems. The number of quantitative studies exploring their response to environmental 

heterogeneity is few, especially in tropical, equatorial forested habitats. Therefore, this 

study aimed to determine ecological conditions and growth patterns of Acacia 

melanoxylon in highland humid forests in North Tinderet Forest Block in Kenya. Three (3) 

transects measuring 500 m long each were established in each of the sampling sites invaded 

by A. melanoxylon where three plots of 10 m × 10 m sizes were systematically spaced at 235 

m intervals. In each of the 10 m × 10 m sized plots, all tree species of diameter at breast 

height (DBH) > 1.3 m and height were measured and recorded. The abundance (ind/m) of 

plant species was calculated for each site. The study established differences in the DBH, 

height and abundance of acacia trees relative to environmental variables where the 

differences occurred mainly due to rainfall, humidity and wind, while altitude, slope, and 

elevation resulted in negative growth response. These findings suggest that the set of 

selected environmental variables affected the distribution and growth of A. melanoxylon. It 

is thus recommended that future studies on ecological conditions for the growth of A. 

melanoxylon should be conducted in a controlled environment through growth response 

measurements which were not possible under the current study due to the limitation of time 

and resources. 

 

Keywords: Acacia melanoxylon, Environmental Factors, Invasive Species, Acacia Growth, 

Tropical Forests 

 

INTRODUCTION 

 

Annually, numerous invasive plant species are transported thousands of kilometers into 

peculiar landscapes, where they have to survive, propagate and eventually dominate over the 

native species to become invasive species (Montagnani et al., 2022). Invasive species that 

exhibit high productivity, a higher tendency to shift their niche more rapidly, rapid 

establishment, highly adaptable and rapid growth, especially on harsh sites where native tree 

species do not perform well will ultimately be widely distributed (Redwood et al., 2019; El-

Shafie, 2020). Members of the genus Acacia (Family Fabaceae) are some of the most 

transported and introduced species in new environments over the last five decades in 

virtually every environment except in Arctic and Antarctic regions (Souza-Alonso et al., 

2017; Minuto et al., 2020). In their alien environments, acacias establish quickly, grow and 
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dominate the landscape (Gioria et al., 2022; Wells et al., 2023). There are also several 

documented studies concerning the growth and survival of A. melanoxylon in almost all the 

continents in countries such as Spain (Arán et al., 2013), Australia (Neilsen and Brown, 

1996; Medhurst et al., 2003; Arán et al., 2013),  South Africa (De Zwaan and Van der Sijde, 

1990; Matukana, 2021), New Zealand (Berrill et al., 2007), Argentina (Igartúa et al., 2017), 

China (Xiaogang et al., 2018). However, knowledge is limited concerning their growth and 

establishment in tropical, equatorial ecosystems and to the best of our knowledge, no such 

information is available for A. melanoxylon growth in Kenya.  

 

An underlying question of what makes an ecosystem susceptible to invasion by acacias 

species including A. melanoxylon in almost every climatic condition of the world from 

temperate, to tropical rainforest and savannah, Alpine regions, monsoon, boreal and arid 

landscapes (Al Dhanhani et al., 2023; Matos et al., 2023) have persuaded intense scientific 

investigation for several decades. The success of diverse alien acacia species involves a 

process that is regulated largely by its “match” in its alien environment. 

 

The role of environmental factors in shaping the pattern of establishment, survival, 

distribution and growth of invasive plant species has attracted much attention from 

ecologists leading to large research outputs in this realm. Indeed due to the constant 

variation and unpredictability of the environmental conditions (Salamon-Albert et al., 2022; 

Zhao et al., 2022), exacerbated by the climate change scenario (Finch et al., 2021) has 

provided the impetus for determining important stochastic variables affecting the growth of 

invasive species including members of acacias. As a consequence, plant growth response 

along environmental gradients has remained a central theme of community ecology from the 

global, regional to local biotopes (Guilherme et al., 2022; Stefańska-Krzaczek et al., 2022; 

Ullah et al., 2022). Although the role of environmental factors on plant growth becomes 

clearer in landscapes with minimal human activities, including in the forest protected areas 

(Holenstein, 2022; Aththanayaka et al., 2023), there is currently a large data gap on the 

influence of environmental variables on invasive species growth patterns in many areas in 

the tropical region, more surprising is the absence of study on A. melanoxylon growth in 

many forests include the protected ones in Kenya. 

 

The environmental characteristics driving the growth of many invasive plants species can be 

classified as either related to climatic conditions (Tsarev et al., 2021; Vacek et al., 2022) or 

physiognomic characteristics of the landscapes (Lázaro-Lobo et al., 2020; Berio Fortini et 

al., 2021). In studies of the growth of invasive acacia species, the climatic factors that have 

largely limited plant growth are rainfall and humidity, temperature, light and wind 

characteristics (Zhou et al., 2020). Deficiencies of these factors cause most of the stress in 

invasive plants and therefore the environmental conditions must be right for optimal growth 

conditions. Meanwhile, the physiognomic characteristics are related to the physical and 

spatial structure of the landscape such as altitude, slope, aspects and elevation (Kumar et al., 

2022). Among these two broad factors, climatic factor affects plants species directly (direct 

or distal/proximal gradients) while physiognomic characteristics have no physiological 

effect on plant growth and are regarded as indirect gradients (Abbas et al., 2021; Presley and 

Willig, 2023). 

 

There are several studies that have been conducted to determine the influence of single 

environmental factors on plant species distribution. However, an analysis of the combined 

influence of these environmental factors is more robust in showing effects as a result of the 

combined environmental variables. Such studies are still rare in the tropical forested 

environment. Therefore, this study aimed to determine the environmental conditions and 

growth patterns of Acacia melanoxylon in highland humid forests in North Tinderet Forest 

Block (Kenya). We hypothesize that the environmental conditions have the effect of 

reducing growth patterns of Acacia melanoxylon in North Tinderet Forest Block in Kenya. 
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MATERIALS AND METHODS 

 

Study Area 

The study was carried out in Timboroa and Nabkoi areas in North Tinderet Forest Block 

located in Uasin Gishu County, North Rift region, Kenya (Fig. 1). Uasin Gishu County is 

one of the forty-seven counties of Kenya created under Schedule 5 of Kenya Constitution 

2010. Timboroa and Nabkoi area extends between longitudes 34º50’ East and 35º37’ East 

and latitudes 0º03’ South and 0º 55’ North.  

 

The climate of the area is influenced by its high altitude which makes it the wettest zone in 

Uasin Gishu County. They receive high and reliable annual rainfall ranging between 

1,328.9mm to 1,405.4mm which is evenly distributed between March and September with 

two peaks in May and August. The period from October to February is a dry month. 

According to the data collected at the area weather station, Temperatures range from an 

average maximum of 29ºC to an average minimum of 7ºC. Rainfall and temperatures in the 

county are favourable for tree growth. The study area is the highest point in Uasin Gishu 

County and is located at an average elevation of 2,730 m asl with gently sloping topography 

towards the South. In Uasin Gishu County, forests cover an area of about 29,801.92 ha with 

56% being indigenous and the rest being exotic plantations. The vegetation cover of the 

study area is industrial forest plantations, comprising Cupressus lusitanica and Pinus patula. 

Indigenous trees are present as thickets and invasions by Acacia melanoxylon. 

 

Study Site Selection  

Based on topographic aspects, altitude and differences in vegetation formations, the Forest 

Block were stratified into the upper and lower forests as primary units. This exercise was 

achieved by conducting a ground pre-survey, guided by existing Maps and literature 

available. 

 

Forest Sampling and Measurements 

Using systematic sampling, line transects running horizontally to the direction of the slope 

were installed and used to sample the forest compartments. Each compartment was divided 

into lower and upper sub-compartments with invaded and non-invaded sites. Three transects 

measuring 500 m long each were established in each of the sampling sub-block where three 

plots of 10 m × 10 m sizes systematically spaced at 235 m intervals were established along 

the transect for quantitative sampling of trees (Köhl et al., 2006). In each 10 m × 10 m plot, 

the Acacia melanoxylon data collected was diameter at breast height (DBH) measured at 1.3 

m above ground species and height for ≥8 as well as species counts (abundance). 

 

Data Analysis 

All data collected were entered, organized and managed using a Microsoft Excel 

spreadsheet. All statistical analyses were performed using STATISTICA 8.0 (Malfasi et al., 

2020) or SPSS 23.0 Statistical Packages (Jarnevich et al., 2022). The mean abundance 

(ind/m) of plant species was calculated for each site. The spatial differences in species 

abundance between sites were obtained by One Way ANOVA. Variation in plant abundance 

was analyzed using a non-parametric Kruskal Wallis ANOVA test. Multiple comparisons of 

the mean (Post-hoc) were done using Duncan’s Multiple Range Test. One-Way ANOVA 

was used to analyze spatial and temporal variations in plant density and biomass. 

Relationships between environmental variables with respect to DBH, average height and 

abundance of A. melanoxylon were tested using multiple linear regressions. 

 

Principal Component Analysis (PCA) was used to analyze the spatial relationships between 

DBH and height of Acacia melanoxylon, Cupressus lustinica and Pinus patula with respect 

to environmental parameters. This was done through the PCA procedure using multiple 

regressions to fit attributes to an ordination space as vectors. The significance of Principal 

Axis Correlation coefficients was tested using a Monte-Carlo procedure.
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Figure 1: Map of Kenya showing the location of the study area
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Results 

The mean DBH of Acacia melanoxylon at the four forest blocks during the study is provided 

in Figure 2. The tree DBH growth of A. melanoxyon was significantly (One-Way ANOVA: 

F(3, 154) =51.763, P = 0.00000) higher in Timboroa stations block (Timboroa 1A and 

Timboroa 2) compared to the Nabkoi blocks. 
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Figure 2: Acacia melanoxylon tree diameter at breast height (DBH) at the four 

sampling locations in Timboroa and Nabkoi Forest blocks 

 

The mean average of A. melanoxylon at the four forest blocks during the study is shown in 

Figure 3. The average height of A. melanoxyon was significantly (One-Way ANOVA: F(3, 

154) = 3.8293, P = 0.01469) higher in Timboroa 2 which was higher than average height at 

Timboroa 1A and Nabkoi 2, while A. melanoxylon at Nabkoi 1 had the least tree average 

height among the four station blocks. 
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Figure 3: Acacia melanoxylon tree average height (cm) at the four sampling locations in 

Timboroa and Nabkoi Forest blocks 
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In terms of A. melanoxylon abundance at the four forest blocks during the study, the results 

are as shown in Figure 4. The abundance of A. melanoxyon was significantly higher (One-

Way ANOVA: F(3, 154) = 29.203, P < 0.001) in Nabkoi 2 compared to Nabkoi 1 and lowest at 

Timboroa 1A and Timboroa 2 forest station blocks. 
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Figure 4: Acacia melanoxylon tree abundance at the four sampling locations in 

Timboroa and Nabkoi Forest blocks 

 

A summary of the environmental parameters for Acacia melanoxylon growth at the four 

sampling stations during the study is shown in Table 1. There were four physiographic 

characteristics analyzed (Altitude, aspects, slope and elevation). All the analyzed physical 

aspects of the environmental parameters displayed significant spatial differences (P < 0.05). 

In terms of physical aspects, altitudes in the Nabkoi forest block (Nakoi 1A and Nabkoi 2) 

were significantly lower than the altitude recorded in the Timboroa forest blocks (Timboroa 

1A and Timboroa 2). In terms of slopes, it was generally observed that the slope in the 

Nabkoi Forest block (Nabkoi 1A > Nabkoi 2) was lower than that of the Timboroa Forest 

block (Timboroa 1A > Timboroa 2). The aspect was significantly (P < 0.05) the lowest at 

Nabkoi 1A followed by Timboroa 1A, while the highest aspect occurred in Timboroa 2A 

followed by Nabkoi 2. Elevation followed a similar trend to the altitude where it was 

recorded to be significantly lower (P < 0.05) in Nabkoi Forest Block (Nakoi 1A and Nabkoi 

2) compared to Timboroa forest blocks (Timboroa 1A and Timboroa 2). 
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Table 1: Summary of the environmental parameters for acacia growth at the four 

sampling stations 
Environmental 

parameters  

Sampling stations ANOVA 

Nabkoi 

1A 

Nabkoi 2 Timboroa 

1A 

Timboroa 2 F P 

Altitude 2572.8 ± 

14.1a 

2581.4 ± 

7.9a 

2784.8 ± 

13.6b 

2719.6 ± 6.5b 2445.791 <0.0001 

Slope 7.8 ± 1.6b 4.5± 1.8a 9.7 ± 1.9c 12.1 ± 2.2d 8.902 0.0002 

Aspect 81.8 ± 

23.4a 

233.8 ± 

22.3c 

32.9 ± 11.2b 288.9 ± 23.4d 69.937 <0.0001 

Elevation 2573.5 ± 

29.4a 

2586.4 ± 

10.6b 

2761.3 ± 

27.5b 

2708.7 ±   

39.6b 

356.518 <0.0001 

Temperature 

(monthly) 

20.4 ± 1.0a 21.1 ± 1.4a 23.2 ± 1.3b 23.7 ± 1.8b 52.294 <0.0001 

Rainfall 216.3 ± 

3.4b 

216.9 ± 

2.2b 

210.7 ± 2.3a 212.4 ± 3.4a 33.978 <0.0001 

Humidity 71.3 ± 

4.4b 

75.2 ± 3.2b 55.9 ± 6.9a 53.5 ± 5.2a 92.668 <0.0001 

Wind speed 18.9 ± 

1.5b 

21.3 ± 1.1c 15.4 ± 1.9a 15.4 ± 2.9a 41.678 <0.0001 

 

There were four weather-related environmental aspects analyzed (temperature, rainfall, 

humidity and wind speed). All the analyzed weather-related environmental parameters 

displayed significant spatial differences (P < 0.05). The temperature in the Timboroa forest 

block (Timboroa 1A and Timboroa 2) was significantly higher (P < 0.05) compared to the 

temperature value recorded in Naboi Forest Blocks (Nabkoi 1A and Nabkoi 2). Meanwhile, 

rainfall in the Timboroa Forest Blocks (Timboroa 1A and Timboroa 2) was significantly 

lower (P < 0.05) than the rainfall recorded in Nabkoi Forest Blocks (Nabkoi 1A and Nabkoi 

2). On a similar note, the humidity values followed those of rainfall where Timboroa Forest 

Blocks (Timboroa 1A and Timboroa 2) was significantly lower (P < 0.05) than the humidity 

in Nabkoi Forest Blocks (Nabkoi 1A and Nabkoi 2). Finally, wind speed was recorded to be 

significantly (P < 0.05) the highest in Nabkoi 2 followed by Nabkoi 1A and lowest in the 

twin stations of Timboroa Forest Blocks (Timboroa 1A and Timboroa 2). 

 

The relationships between DBH and single environmental variables are shown in Figure 5 

while the combined influence of all the environmental variables on DBH of A. melanoxylon 

is provided in Table 2. Based on the multiple regression statistics, the combined selected 

environmental attributes were significant in explaining the DBH growth of A. melanoxylon 

(P < 0.05). Nevertheless, in terms of individual contribution, altitude, slope, aspects 

elevation and rainfall were the significant factors affecting the DBH of A. melanoxylon 

while temperature, humidity and wind speeds had no significant effects on the DBH of A. 

melanoxylon. Whereas slope, aspect, and elevation were positively correlated with DBH, the 

altitude, temperature, rainfall and humidity showed a negative correlation with DBH of A. 

melanoxylon. In terms of contribution to the DBH, elevation and slope followed by slope 

were the most important factor contributing to the growth of DBH 
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Figure 5: Bivariate regression models showing the relationship between DBH and 

single environmental parameters 

Altitude y = 1.1102x - 2777.2

R
2
 = 0.4981

0

100

200

300

400

500

600

2500 2550 2600 2650 2700 2750 2800 2850

Altitude (m)

A
b

u
n

d
a

n
c
e

Slope y = 21.786x + 13.22

R
2
 = 0.389

0

100

200

300

400

500

600

0 5 10 15 20

Slope (m)

A
b

u
n

d
a

n
c
e

Aspect y = 1.1509x + 18.733

R
2
 = 0.7837

0

100

200

300

400

500

600

0 50 100 150 200 250 300 350

Altitude (m)

A
b

u
n

d
a

n
c
e

Elevation y = 1.3427x - 3376.8

R
2
 = 0.6756

0

100

200

300

400

500

600

2500 2550 2600 2650 2700 2750 2800

Elevation(m)

A
b

u
n

d
a

n
c
e

Temprature y = 57.272x - 1066.9

R
2
 = 0.5295

0

100

200

300

400

500

600

18 20 22 24 26 28

Temprature(
o
C)

A
b

u
n

d
a

n
c
e

Rainfall
y = -21.614x + 4817

R
2
 = 0.3574

0

100

200

300

400

500

600

205 210 215 220 225

Rainfall (mm)

A
b

u
n

d
a

n
c
e

Humidity y = -11.921x + 937.24

R
2
 = 0.5659

0

100

200

300

400

500

600

40 50 60 70 80

Humidity (%)

A
b

u
n

d
a

n
c
e

Wind speed y = -28.213x + 671.29

R
2
 = 0.2577

0

100

200

300

400

500

600

8 13 18 23

Wind speed (km/h)

A
b

u
n

d
a

n
c
e



 
 
 

African Journal of Education, Science and Technology, April, 2023, Vol 7, No. 3 

21 

Table 2: Multiple regression analysis showing the relationship between DBH and 

environmental parameters 
Regression Statistics     

Multiple R 0.950     

R Square 0.903     

Adjusted R Square 0.896     

Standard Error of Estimate 49.567     

Durbin-Watson 1.983     

Change statistics      

R Square Change 0.903     

F Change 133.663     

Dependent Variable DBH    

Predictors: (Constant), Wind, Slope, Temp, Rainfall, Humidity, Altitude, Aspect, Elevation 

     

ANOVA TSS Df MSS F P-value 

Regression 2627260.394 8 328407.549 133.663 <0.0001 

Residual 282552.163 115 2456.975   

Total 2909812.556 123    

  

 Unstandardized Coefficients Standardized Coefficients 

 B Std. Error Beta t Stat P value 

(Constant) -1183.558 612.683  -1.932 0.056 

Altitude -0.287 0.145 -0.185 -1.978 0.048 

Slope 5.554 1.219 0.166 4.555 0.000 

Aspect 0.573 0.078 0.430 7.324 0.000 

Elevation 0.755 0.180 0.450 4.192 0.000 

Temp -0.638 2.016 -0.016 -0.317 0.752 

Rainfall 10.163 3.581 -0.126 -2.838 0.005 

Humidity -1.299 0.964 -0.082 -1.348 0.180 

Wind speeds -0.721 2.472 -0.012 -0.292 0.771 

Correlations Zero-order Partial Part Collinearity Statistics 

(Constant)    Tolerance VIF 

Altitude 0.741 -0.181 -0.057 0.097 10.336 

Slope 0.603 0.391 0.132 0.635 1.574 

Aspect 0.889 0.564 0.213 0.245 4.074 

Elevation 0.843 0.364 0.122 0.073 13.673 

Temp 0.720 0.256 0.082 0.428 2.334 

Rainfall -0.778 -0.030 -0.096 0.315 3.175 

Humidity -0.814 -0.125 -0.039 0.230 4.352 

Wind -0.640 -0.027 -0.008 0.465 2.149 

 

The relationships between height and single environmental variables are shown in Figure 6 

while the combined influence of all the environmental variables on the average height of A. 

melanoxylon is provided in Table 3. The selected environmental attributes were significant 

in explaining the average height of A. melanoxylon (P < 0.05). Nevertheless, in terms of 

individual contribution, altitude, slope, temperature, rainfall and wind speed were the 

significant factors affecting the height of A. melanoxylon while altitude, aspect, elevation, 

and humidity had no significant (P > 0.05) effects on the height of A. melanoxylon. The 

slope was positively correlated with height, while rainfall, temperature and wind speed 

showed a negative correlation with the height of A. melanoxylon. In terms of contribution to 
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the height, temperature, and rainfall were the most important factor contributing to growth in 

terms of average height. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Bivariate regression models showing the relationship between height and 

single environmental parameters 
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Table 3: Multiple regression analysis showing the relationship between height and 

environmental parameters 
Regression Statistics     

Multiple R 0.556     

R Square 0.309     

Adjusted R Square 0.261     

Standard Error of Estimate 4.420     

Durbin-Watson 1.740     

Change statistics      

R Square Change 0.309     

F Change 6.442     

Dependent Variable Height (m)    

Predictors: (Constant), Wind, Slope, Temp, Rainfall, Humidity, Altitude, Aspect, Elevation 

     

ANOVA TSS Df MSS F P-value 

Regression 1006.737 8 125.842 6.442 <0.0001 

Residual 2246.550 115 19.535   

Total 3253.287 123    

  

 Unstandardized 

Coefficients 

Standardized Coefficients 

 B Std. Error Beta t Stat P value 

(Constant) 27.686 54.632  0.507 0.613 

Altitude 0.013 0.013 0.148 0.994 0.322 

Slope -0.188 0.109 -0.268 -1.731 0.046 

Aspect 0.005 0.007 0.119 0.761 0.448 

Elevation -0.004 0.016 -0.070 -0.243 0.808 

Temp 0.916 0.319 -0.340 2.869 0.005 

Rainfall -0.272 0.180 -0.309 -1.515 0.047 

Humidity 0.007 0.086 0.013 0.081 0.935 

Wind 0.392 0.220 -0.202 1.778 0.048 

Correlations Zero-order Partial Part Collinearity Statistics 

(Constant)    Tolerance VIF 

Altitude 0.440 0.092 0.077 0.097 10.336 

Slope 0.100 -0.159 -0.134 0.635 1.574 

Aspect 0.373 0.071 0.059 0.245 4.074 

Elevation 0.440 -0.023 -0.019 0.073 13.673 

Temp 0.491 0.258 -0.222 0.428 2.334 

Rainfall -0.398 -0.140 -0.117 0.315 3.175 

Humidity -0.390 0.008 -0.006 0.230 4.352 

Wind -0.204 0.164 0.138 0.465 2.149 

 

The relationships between abundance and single environmental variables are shown in 

Figure 7 while the combined influence of all the environmental variables on the abundance 

of A. melanoxylon is provided in Table 4. Based on the multiple regression statistics, the 

combined selected environmental attributes significantly (P < 0.05) explained the abundance 

of A. melanoxylon. Nevertheless, in terms of individual contribution, aspect, elevation, 

rainfall, humidity and wind speed were the significant (P < 0.05) factors affecting the 

abundance of A. melanoxylon while altitude, slope and temperature had no significant (P > 

0.05) effects on abundance of A. melanoxylon. Whereas aspect and humidity were positively 

correlated with the abundance of A. melanoxylon, the elevation, rainfall and wind speed 
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displayed a negative correlation with the abundance of A. melanoxylon. In terms of 

contribution to the abundance of A. melanoxylon, elevation and rainfall were the most 

important factor contributing to the growth of the abundance of A. melanoxylon where 

elevation negatively affected the abundance of A. melanoxylon. 

 

Table 4: Multiple regression analysis showing the relationship between abundance and 

environmental parameters 
Regression Statistics     

Multiple R 0.684     

R Square 0.468     

Adjusted R Square 0.431     

Standard Error of Estimate 3.815     

Durbin-Watson 1.453     

Change statistics      

R Square Change .468     

F Change 12.644     

Dependent Variable Abundance    

Predictors: (Constant), Wind, Slope, Temp, Rainfall, Humidity, Altitude, Aspect, Elevation 

     

ANOVA TSS Df MSS F P-value 

Regression 1472.359 8 184.045 12.644 <0.0001 

Residual 1673.916 115 14.556   

Total 3146.275 123    

  

 Unstandardized Coefficients Standardized Coefficients 

 B Std. Error Beta t Stat P value 

(Constant) 224.003 47.158  4.750 0.000 

Altitude -0.004 0.011 -0.074 -0.337 0.737 

Slope 0.075 0.094 0.069 0.804 0.423 

Aspect 0.011 0.006 0.243 2.169 0.040 

Elevation -0.039 0.014 -0.710 -2.821 0.006 

Temp -0.171 0.276 -0.065 -0.622 0.535 

Rainfall -0.535 0.155 -0.418 -3.445 0.001 

Humidity 0.081 0.074 0.155 2.095 0.046 

Wind 0.362 0.190 0.190 -2.099 0.047 

Correlations Zero-order Partial Part Collinearity Statistics 

(Constant)    Tolerance VIF 

Altitude -0.585 -0.031 -0.023 0.097 10.336 

Slope -0.033 0.075 0.055 0.635 1.574 

Aspect -0.285 0.163 0.120 0.245 4.074 

Elevation -0.554 -0.254 -0.192 0.073 13.673 

Temp -0.401 -0.058 -0.042 0.428 2.334 

Rainfall 0.189 -0.306 0.234 0.315 3.175 

Humidity 0.448 0.102 0.074 0.230 4.352 

Wind 0.459 0.175 0.129 0.465 2.149 
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Figure 7: Bivariate regression models showing the relationship between abundance 

and single environmental parameters 
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The relationships between DBH and the height of Acacia melanoxylon, Cupressus 

lustinica and Pinus patula with respect to environmental parameters during the study are 

shown in Figure 8. There was a clear distinction between DBH and height with 

environmental parameters in the PCA tri-plot. The DBH and height of A. melanoxylon were 

positively associated with rainfall, humidity and wind speed but negatively correlated with 

altitude, slope and elevation. Meanwhile, temperature appeared to control the height 

of C. lustinica and P. patula. Finally, the aspect appeared to have significant control over the 

DBH of C. lustinica and P. patula. It was generally determined that altitude, slope and 

elevation had negative impacts on all measured parameters. 
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Figure 8: Principal Component Analysis (PCA) triplot for DBH and height of Acacia 

melanoxylon, Cupressus lustinica and Pinus patula with respect to environmental 

parameters in North Tinderet 

 

DISCUSSION 

 

Tropical plantation forests are not resistant to invasion by alien plant species, either through 

accidental or deliberate introductions. In the North Tinderet Forest Blocks, there is 

successful colonization and adaptation of the forest by invasive A. melanoxylon which has 

often been reasoned to be due to a suite of environmental conditions due to low amounts of 

anthropogenic activities within the protected plantation forest biotope. However, there have 

been few efforts aimed at determining the role of ecological and/or environmental factors in 

the growth of the invasive species.  
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During the study, the DBH, height and abundance of Acacia melanoxylon at the four forest 

blocks showed significant variation among the sampling blocks suggesting a response to 

varying ecological conditions. During the study, rainfall, humidity and wind were found to 

be the positive growth determinant of the growth of acacia in terms of DBH, average height 

and abundance. Since the 1800s, when Charles and Francis Darwin discovered that plants 

responded to the presence of water (Gul et al., 2023), growth limitation of plant 

physiological processes due to water availability is well grounded (Brendel, 2021), which 

renders rainfall and humidity significant in controlling plant species distributions, survival 

and growth (Ouyang et al., 2020; Gong et al., 2021). A wide range of invasive acacias 

including A. dealbata, A. mangium, A. raddiana A. tortilis and A. mearnsii, A. koa, and 

A. stenophylla among others are considered water-consuming species (Mendham and White, 

2019; Hamad-Sheip et al., 2021), rendering rainfall and humidity instrumental in their 

growth. The importance of temperature in the regulation of plant physiological growth and 

development of invasive plant species (Liu et al., 2022), including in invasive species 

(Kharivha et al., 2022) is well established. The impact of wind, a rather neglected 

environmental factor on invasive plants largely depends on speed, duration, and the extent to 

which wind can penetrate canopy layers (Wan et al., 2017; Momberg et al., 2021). 

Sufficient wind speeds can affect plant development, form and function, shaping plant size 

and abundance (Nyarobi, 2022). Some studies on Acacia spp. showed that in areas where 

rainfall is high, it does not play a significant influence on the growth of acacia (Floret and 

Pontanier, 2022). However, a study by Stave et al. (2006) assessed the underlying causes of 

the growth establishment of the tree species Acacia in Kenya. They argued that the growth 

of Acacia was induced by prolonged but moderate levels of rainfall. Similarly, Skoglund 

(1992) stated that the growth of A. melanoxylon was discontinuous and confined to years 

with relatively high precipitation. In addition, Rohner and Ward (1999) reported that several 

years of high rainfall are necessary for the successful establishment of young Acacia trees. 

Therefore, water and wind were the important single limiting factor in the productivity of 

many species. 

 

It was also observed that during the study, altitude, slope, and aspects elevation influenced 

growth parameters negatively meaning that growth increased at low altitude, slope, aspect 

and elevation. The implication is not negative per se but growth responses are positive at 

lower values of these physiognomic parameters.  The role of the response of vegetation to 

changes in landscape physiognomy is well established (Froidevaux et al., 2022). Acacia 

response to a combination of altitude, slope, aspect, and elevation has been shown 

previously (Zou et al., 2023). Alien invasive species are strongly influenced by altitude 

where species growth response and diversity generally tend to decrease with increasing 

altitude. In warm environments, higher elevation and higher altitude often present harsh 

environments for the growth of plants (Pauchard et al. 2022). The combination of these 

physiognomic characteristics affects temperature, moisture, radiation and atmospheric 

pressure thereby influencing the growth and development of plants (Gregory et al., 2021). 

 

Although the temperature is important in the regulation of plant physiological growth and 

the development of invasive plant species (Liu et al., 2022), including in invasive species 

(Kharivha et al., 2022), the current study does not find any significance of temperature in 

the growth regulation of A. melanoxylon. The temperature ranges of the region are probably 

within the optimal ranges of the physiological function of the invasive A. melanoxylon. The 

lack of response of A. melanoxylon to temperature has been observed for several species of 

invasive plants in several forest environments in the equatorial environment where 

temperature fluctuations are quite minimal. It appears that the optimal temperature ranges 

allow for normal physiological functions of plants such as photosynthesis, membrane 

permeability, respiration etc. In addition, there was no observation of sudden changes in 

temperature which may cause negatively affect the growth of A. melanoxylon. 
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The current study suggests that environmental characteristics positively drive the growth of 

A. melanoxylon as established elsewhere (Tsarev et al., 2021; Vacek et al., 2022) or 

negatively respond to physiognomic characteristics of the landscapes (Lázaro-Lobo et al., 

2020; Berio Fortini et al., 2021). In the current study, involving the growth of A. 

melanoxylon, the climatic factors that have largely controlled the plant growth, where 

rainfall humidity, and wind characteristics were more conspicuous. These factors control 

stress in invasive plants while physiognomic characteristics were optimal for the growth of 

species at lower levels. Therefore, it was evident that climatic factors affected A. 

melanoxylon directly or distal/proximal gradients, meanwhile physiognomic characteristics 

also appeared to affect the A. melanoxylon directly but their effects were observed when at 

lower levels. 

 

In addition, several other abiotic environmental factors such as rainfall deficient conditions, 

soil properties and topography have been shown to affect the abundance and distribution of 

the dominant species such as Acacia (Traoré et al., 2012). Several authors (Ehrlén and 

Morris, 2015; Kraft et al., 2015; D'Amen et al., 2018) posit and emphasize, the diverse 

contexts, in which multiple environmental factors will affect the growth, and establishment 

of various forms of vegetation including invasive acacia species. 

 

CONCLUSIONS AND RECOMMEDATIONS 

 

There were differences in the DBH, average height and abundance of acacia trees relative to 

environmental variables. Altitude, slope, aspects elevation and rainfall were the significant 

factors affecting DBH of A. melanoxylon while temperature, humidity and wind speeds had 

no significant effects. Whereas slope, aspect, and elevation were positively correlated with 

DBH, the altitude, temperature, rainfall and humidity showed a negative correlation with 

DBH of A. melanoxylon. Altitude, slope, temperature, rainfall and wind speed were the 

significant factors affecting the height of A. melanoxylon while altitude, aspect, elevation, 

and humidity had no significant (P > 0.05) effects on height. Elevation, rainfall, humidity 

and wind speed were the significant (P < 0.05) factors affecting the abundance of A. 

melanoxylon while altitude, slope and temperature had not significant (P > 0.05). 

 

Sound comparative studies on the availability of macronutrients between Acacia spp.-

invaded sites and mature stands of native Fabaceae species, another research gap is the lack 

of knowledge about the effects of acacias on net and gross N fluxes, as well as on available 

micronutrients, in the invaded ecosystems. Moreover, integrated studies on the effects of 

CO2 increase and changes in temperature, frost risk and water availability could provide a 

more reliable understanding of the effect of climate change on these invasive species. 

 

In addition to reactive actions, such as eradication, the proactive restoration of areas invaded 

by these Acacia species must be carefully planned to recover the ecosystem composition and 

function without side effects. However, the complexity of controlling both invasion and 

restoration side effects highlights the importance of taking a preventive approach. Future 

studies on ecological conditions for the growth of A. melanoxylon should be conducted in a 

controlled environment through growth response measurements which were not possible 

under the current study due to the limitation of time and resources 
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